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Purpose: Previous tudies have reported that 3% to 8% of patients who have had resection 
of an infrarenal abdominal aortic aneurysm will subsequently have development ofa new 
aortic aneurysm proximal to the repair. The actual incidence, pathogenesis, and natural 
history of these aneurysms are unclear. The purpose of this study is to better characterize 
subsequent proximal aortic aneurysms and to evaluate the outcome of their operative 
repair. 
Method: We retrospectively reviewed our recent experience with surgery for new proximal 
aortic aneurysms in 123 patients who had had a prior abdominal aortic aneurysmectomy. 
Seventy-two patients (58.5%) were admitted with chest or abdominal pain, six (4.9%) 
were admitted with ruptured aneurysms, and 41 (33.3%) were symptom free. Most 
subsequent aneurysms involved the thoracoabdominal aorta (n = 94; 76.4%); others 
involved the juxtarenal abdominal aorta, descending thoracic aorta, or transverse aortic 
arch. The new aneurysm was in continuity with the existing prosthetic graft in 101 cases 
(82.1%). Resection and graft replacement of the aneurysmal segment was performed on 
an emergency basis in patients with evidence of impending rupture and electively when 
aneurysmal diameter exceeded 5.5 cm. The average time interval between the two 
operations was 8.2 - 5.4 years. Mean aortic clamp and visceral ischemic times were 
39.7 + 14.7 and 33.5 + 12.8 minutes, respectively. 
Results: The in-hospital mortality rate was 12.2%. Complications included oliguric kidney 
failure in 11.4% and paraplegia in 4.1%. These results compare favorably with previous 
studies. 
Conclusion: On the basis of the significant prevalence of subsequent proximal aortic 
aneurysms and the high mortality rate associated with their rupture, we recommend 
resection of the entire infrarenal aorta during abdominal aortic aneurysm replacement, 
followed by long-term surveillance with biannual computed tomography or magnetic 
resonance imaging scanning of the chest and abdomen. Early diagnosis is facilitated by a 
high index of suspicion and allows surgical intervention to occur before life-threatening 
rupture. Both emergency and elective proximal aortic surgery in these patients can be 
performed with acceptable levels of morbidity and mortality. (J VASC SURG 
1995;22:59-67.) 
In 1988 nearly 40,000 patients underwent resec- 
tion and graft replacement of aortic aneurysms in the 
United States. Infrarcnal abdominal aortic aneurysms 
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(AAAs) are the most common type of aortic aneu- 
rysm, occurring with an incidence of 36.2 per 
100,000. ~Although most patients do well after AAA 
resection, studies have reported that 3% to 8% of 
patients later have development of aortic aneurysms 
proximal to the original graft. 2,3 This suggests the 
potential for up to 3200 new cases of  subsequent 
proximal aortic aneurysm (SPAA) each year in the 
United States alone. As with all aortic aneurysms, 
SPAAs carry an extremely high mortality rate if 
untreated. Out of a group of 24 patients with a 
previous infrarenal abdominal aortic aneurysmec- 
tomy (PIAAA) and a subsequent aneurysm involving 
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Fig. 1. A, Drawing and aortogram demonstrate prior proximal descending thoracic aortic 
aneurysm replacement and infrarenal AAA replacement, with intervening fusiform aneurysm of 
thoracoabdominal segment. B, Postoperative drawing and aortogram after thoracoabdominal 
reconstruction and replacement with direct reattachment of visceral and renal vessels. 
either the thoracic or thoracoabdominal aorta, Plate 
et alp reported that 18 (75%) were admitted with 
rupture and ultimately died. The purpose of the 
following review is to better characterize these 
proximal aortic aneurysms that develop after PIAAA 
and to evaluate the outcome of their aggressive 
surgical management. 
PATIENTS AND METHODS 
We retrospectively reviewed our recent experi- 
ence with proximal aortic surgery in patients with 
PIAAA. Only patients with true aneurysms of the 
proximal aorta were included in the analysis; patients 
with pseudoaneurysms or aortic dissection were 
excluded. Patients who had a proximal aortic aneu- 
rysm at the time of original AAA surgery were also 
excluded. We therefore define SPAA as a newly 
occurring true aortic aneurysm proximal to the graft 
ofa PIAAA. During the period between August 15, 
1984 and July 7, 1993, 123 patients underwent 
operations for SPAAs; 77 of the operations were 
performed by Dr. E. Stanley Crawford, and 46 were 
performed by the senior author (J.S.C.). One hun- 
dred sixteen patients (94.3%) had their PIAAA 
performed at an outside institution. There were 103 
men (83.7%) and 20 women (16.3%), and the mean 
age was 61.3 years (range 40 to 85 years). Data 
regarding postoperative morbidity and mortality 
were obtained for all patients (100%). 
Seventy-two paticnts (58.5%) described pain in 
cither the chest or abdomen, the most frequent 
symptom at presentation. Six patients (4.9%) were 
admitted with rupture, two (1.6%) werc admitted 
with dyspnea, one (0.8%) with congestive heart 
failure, and one with neurologic symptoms. There 
wcre 41 (33.3%) symptom-free patients in whom 
aortic aneurysms were discovered during either 
routine evaluation or work-up of an unrelated 
problcm. Most of the patients had associated disease 
involving the cardiovascular system or lungs. There 
were 44 patients (35.8%) with a history of coronary 
artery disease, 19 (i4.5%) with cerebrovascular 
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Table I. Results of subsequent proximal aortic operations in 123 patients with previous infrarenal 
aortic aneurysmectomy 
No. of In-hospital Postoperative Postoperative 
Resected aneurysm patients deaths paraplegia ORF 
Thoracoabdominal aorta 98 14 (14.3%) 5 (5.1%) 12 (12.2%) 
Type I 9* 2 0 
Type II 25 6 4 
Type IIl 29 1 0 
Type IV 35t 5 1 
Juxtarenal abdominal aorta 17 1 (5.9%) 0 I (5.9%) 
Transverse aortic arch 1 0 0 0 
Descending thoracic aorta 7~ __0 _0 1 
Total 123 15 (12.2%) 5 (4.1%) 14 (11.4%) 
Hncludes one patient with concomitant transverse aortic arch replacement. 
Hncludes two patients with concomitant replacement of separate descending thoracic aortic aneurysm. 
~Includes one patient with concomitant distal arch replacement. 
disease, 89 (72.4%) with hypertension, and 58 
(47.2%) with chronic obstructive pulmonary disease. 
Six patients (4.9%) had a history of diabetes mellitus, 
and 20 (16.3%) had chronic kidney failure. Preop- 
erative diagnostic studies confirmed atherosclerotic 
occlusive coronary artery disease in 44 patients 
(35.8%), renal artery stenosis in 36 (29.3%), carotid 
artery occlusive disease in 17 (13.8%), peripheral 
arterial occlusive disease in 17 (13.8%), celiac artery 
stenosis in 8 (6.5%), and aortoiliac and superior 
mesenteric arterial occlusion in 3 each. 
The SPAAs involved the thoracoabdominal aorta 
in 94 patients (76.4%), the juxtarenal abdominal 
aorta in 17 patients (13.8%), the descending thoracic 
aorta alone in six (4.9%), both descending thoracic 
aorta and distal thoracoabdominal aorta in two, the 
transverse aortic arch alone in one, the arch plus 
descending thoracic aorta in one, and the ascending 
aorta plus arch and thoracoabdominal aorta in one. 
Continuous SPAAs, involving the aorta at the 
proximal anastomosis to the PIAAA graft, were 
present in 101 (82.1%) patients (Fig. 1), whereas 
discontinuous SPAAs, with a normal aortic segment 
between the existing infrarenal graft and new proxi- 
mal aneurysm, were present in 22 patients (17.9%). 
All 123 patients were treated with resection and 
Dacron tube graft replacement of the aneurysmal 
aortic segments (Table I). The indications for opera- 
tion included aclinical picture suggestive of impend- 
ing rupture or an overall diameter of at least 5.5 cm 
as determined by computed tomography (CT) or 
magnetic resonance imaging (MRI) scanning. The 
elapsed time between the two aortic operations was 
8.2 + 5.4 years overall, 8.7 _+ 5.2 years for the 
continuous group, and 5.2 __-5.3 years for the 
discontinuous group. Our techniques for aortic 
replacement have been previously described in 
detail. 46 In the group of patients with continuous 
SPAAs, the distal end of the second graft was 
anastomosed directly to the proximal end of the 
infrarenal graft, leaving no aortic tissue between the 
grafts. The replacement of juxtarenal AAAs was 
facilitated by clamping proximally to the renal vessels, 
allowing the resection of all aortic tissue distal to the 
renal arteries. Aortic replacement was carried out 
with simple aortic cross-clamping without distal 
bypass in 111 patients (90.2%). Atriofemoral bypass 
via a Biomedicus centrifugal pump (Medtronic 
Bio-Medicus, Inc., Eden Prairie, Minn.) was used in 
10 patients (8.1%). 7 Profound hypothermic total 
circulatory arrest was necessary for the two patients 
with transverse aortic arch aneurysms. 8,9 In 20 
patients one or more renal arteries were directly 
perfused with cold (4 ° C) Ringer's lactate solution, l°
Renal endarterectomy or renal artery bypass were 
carried out as concomitant procedures in24 (19.5%) 
and 15 patients (12.2%), respectively (Fig. 2). Four 
patients required celiac endarterectomy and three 
required superior mesenteric endarterectomy.1 
Mean aortic clamp time was 39.7 __+ 14.7 minutes, 
and mean visceral ischemic time was 33.5 _+ 12.8 
minutes. 
Postoperative paraparesis and paraplegia were 
respectively defined as lower limb weakness and 
paralysis, the former epresenting a less severe spinal 
cord injury than the latter; both immediate and 
delayed neurologic deficits are reported. Anterior 
cord infarct with flaccid paralysis and intact sensation 
is classified as paraplegia. Kidney failure was defined 
as either elevation of postoperative s rum creatinine 
levels above 3.0 mg/dl or the need for hemodialysis. 
Kidney failure was classified as oliguric if urine 
output was less than 400 ml per 24 hours. 12 
Pulmonary failure was defined as the need for 
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Fig. 2. A, Preoperative drawing and aortogram demonstrate prior ascending aortic replace- 
ment, descending thoracic aortic replacement, and infrarenal AAA replacement, with 
intervening thoracoabdominal aortic aneurysm involving visceral segment. B, Postoperative 
drawing and aortogram demonstrate satisfactory repair of thoracoabdominal aortic aneurysm 
with preservation of sole patent intercostal arteries, left renal artery bypass, and direct 
reattachment of celiac, superior mesenteric, and right renal arteries. 
postoperative ventilatory support exceeding 48 
hours. 
Fisher's exact test (2-tail) was used to assess 
statistical associations between perioperative vari- 
ables and outcome. Data for aortic clamp and visceral 
ischemic times are presented as mean _+ 1 SD, and 
their association with outcome was evaluated with 
the t-test for independent samples. Comparison of 
qualitative variables was accomplished by use of the 
chi-square test. Associations were considered statis- 
tically significant at p < 0.05. 
RESULTS 
The in-hospital mortality rate for the 123 patients 
was 12.2% overall, 14.3% before 1991, and 8.7% 
from 1991 on (Table I). The causes of the early 
deaths were multiple organ failure syndrome in seven 
patients, heart failure in five, sepsis in two, and 
pulmonary embolus in one. There was only one death 
among the six patients (16.7%) admitted with 
rupture; the mortality rate for this subgroup was not 
statistically different from those without rupture. The 
mortality rate was 11.8% for patients less than 70 
years of age, 11.0% for those between 70 and 80 
years of age, and 40.0% for those older than the age 
of 80 years. Other preoperative factors, including 
pain on presentation, congestive heart failure, neu- 
rologic symptoms, dyspnea, history of hypertension, 
chronic obstructive pulmonary disease, atheroscle- 
rotic coronary artery disease, diabetes mellitus, 
chronic kidney failure, and peripheral vascular disease 
were not related to death. Mortality rates for con- 
tinuous (14/101; 14.9%) and discontinuous (1/22; 
4.5%) aneurysms were not statistically different. 
Aortic clamp times and visceral ischemic times were 
significantly shorter in patients who survived (Table 
II). Concomitant endarterectomy or bypass of renal 
or visceral vessels did not affect survival. Postopera- 
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Table II. Aortic clamp and visceral ischemic times during subsequent aortic operations 
No. of Aortic clamp Visceral ischemie 
Grouping patients times (rain) p Value times (rain) p Value 
All patients 123 39.7 ± 14.7 33.5 -+ 12.8 
In-hospital death 
Yes 15 47.8 -+ 14.6 <0.05 41.8 + 15.9 <0.05 
No 108 38.4 -4- 14.5 32.3 + 12.0 
Neurologic deficit 
Postoperative paraplegia 5 53.8 + 7.3 <0.05 
Postoperative paraparesis 10 47.8 + 1.3 
No deficit 108 38.9 + 14.7 
ORF 
Yes 14 39.5 ± 13.2 NS 32.0 + 9.9 NS 
No 109 39.6 + 14.9 33.6 ± 13 
NORF 
Yes 9 57.0 + 12.0 <0.01 42.7 ± 16.4 <0.05 
No 114 38.4 ± 14.1 32.7 ± 12.2 
NS, Not significant. 
five complications associated with increased in- 
hospital mortality rates included sepsis, paraparesis, 
stroke, pulmonary complications, oliguric kidney 
failure (ORF), and cardiac omplications. 
Pulmonary failure was the most common compli- 
cation, occurring in 21 patients (17.1%). Other com- 
plications included bleeding in nine patients (7.3%), 
sepsis in eight (6.5%), and stroke in five (4.1%). Four 
of the patients who had a postoperative stroke had 
documented carotid artery occlusive disease, astatis- 
tically significant association (p < 0.01). Of these, 
two were documented byduplex scanning (40% and 
50%) and two by arteriography at the time of aortic 
evaluation, (40% and 70%). None of these were 
symptomatic before operation. Two strokes occurred 
during operation, and two occurred at 3 and 7 days 
after operation. 
Postoperative paraplegia occurred in five patients 
(4.1%); 10 patients (8.1%) had development of 
paraparesis. The overall incidence of paraplegia in 
patients with thoracoabdominal aortic aneurysms 
(TAAAs) was 5.1%. The postoperative paraplegia 
rate for type II TAAA (16%) was significantly 
higher than the other types. One patient with a type 
IV TAAA (3%) and no patients with descending 
thoracic or types I or III TAAAs had development of 
paraplegia. Aortic clamp times were longer in pa- 
tients with postoperative paraplegia nd paraparesis 
(Table II). 
Postoperative nonoliguric kidney failure 
(NORF) occurred in nine patients (7.3%). Like 
paraplegia, NORF was most frequently encountered 
in patients who underwent type II TAAA repair 
(4/25; 16.0%). Longer aortic clamp times and 
visceral ischemic times were both associated with the 
development ofpostoperative NORF. There was no 
such relationship, however, between clamp times and 
ORF (Table II). Of the 14 patients (11.4%) who had 
development ofORF and required hemodialysis, 12 
had undergone r placement of the thoracoabdominal 
aorta and seven subsequently died (Table I). Five 
patients with ORF had a history of previous kidney 
disease, three had preoperative r nal ischemia s a 
result of aneurysm rupture, three had postoperative 
sepsis and multiple organ failure, and two had 
significant postoperative h morrhage. Interestingly, 
all three patients admitted with rupture who had 
development of postoperative ORF requiting hemo- 
dialysis ultimately survived. Longer aortic clamp and 
visceral ischemic times were seen as a probable cause 
in only one case in which aortic clamp time was 67 
minutes and visceral ischemic time was 51 minutes. 
DISCUSSION 
Although many authors have concurred that 
additional aneurysms are the most common vascular 
problem to develop in patients with PIAAA, the true 
incidence of SPAAs is not known. 3a317 Plate et alp 
reported that 31 of 1087 patients (2.9%) with 
PlAAA later were diagnosed with true aneurysms 
involving the thoracic or abdominal aorta. Because 
aneurysmal disease was not specifically screened for in 
all patients in their series, however, the only aneu- 
rysms identified were those that either were symp- 
tomatic or were discovered serendipitously. Account- 
ing for those patients with asymptomatic aneurysms 
that were not identified, the true prevalence is higher 
than 2.9%. In a more recent study, Edwards et al.2 
obtained annual abdominal ultrasonograms on 53 
patients with PIAAA and found subsequent true 
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Table III. Presentation and outcome in patients with subsequent proximal aortic aneurysms after 
previous infrarenal aortic aneurysmectomy 
Plate et al. s Fox & Berkowitz 2s Edwards et al. 2 Curl  et al. 24 Present series 
No. of patients 35* 14 4 8 123 
Sex (M : F) NR 13 : 1 NR 7: 1 103 : 20 
Mean age (yrs) NR 67 64 67.1 61.3 
Interval (yrs) NR 8,5 6.8 8.25 8.2 
Asymptomatic NR 6 (42.9%) 4 (100%) 6 (75%) 41 (33.3%) 
Rupture 24 (68.6%) 2 (14.3%) 0 27 (25%) 6 (4.9%) 
Mortality of rupture 24 (100%) 2 (100%) - 0 1 (16.7%) 
No. of operations 4 14 0 8 123 
Postoperative d aths 1 (25%) 4 (28.6%) - 2 (25%) 15 (12.2%) 
Postoperative ORF NR 2:~ (14.3%) - i (12.5%) 14 (11.4%) 
Postoperative paraplegia NR 2 (14.3%) - NR 5 (4.1%) 
Postoperative paraparesis NR NR - NR 10 (8.1%) 
NR,  Not reported. 
*Includes four anastomotic pseudoaneurysms. 
tlncludes one contained rupture. 
~:Both patients presented with ruptured TAAAs, had development of postoperative ORF, and ultimately died. 
aneurysms involving the proximal abdominal orta in 
four patients (8%). Because abdominal ultrasonog- 
raphy cannot reliably detect aneurysmal disease above 
the renal arteries, several thoracic and thoracoab- 
dominal aneurysms may have been missed, and thus 
8% is probably an underestimate of the incidence of 
SPAAs. 3 To our knowledge, the definitive study-the 
prospective valuation of a large series of patients 
with PIAAA via serial CT or MRI scans of the chest 
and abdomen-has not been done. 
Subsequent proximal aortic aneurysms may rep- 
resent acontinuation ofa generalized disease process 
that first affects the infrarenal aorta and later affects 
the proximal segments. Pearce et al.18 found that 
patients with infrarenal AAAs had thoracic and 
suprarenal abdominal aortic diameters that were 
significantly larger than those in matched control 
patients without aneurysms, lending support o the 
concept of a generalized disease process. Sterpetti et 
al. have demonstrated a subgroup of patients with 
PIAAA who did not have atherosclerosis and were 
more likely to have development of multiple aneu- 
rysms, presumably because of some process causing 
generalized weakening of the aortic wall. Qualitative 
and quantitative deficiencies in structural proteins 
may predispose patients to the development of 
multiple aneurysms. Such defects in fibrillin and 
collagen are known to result in multiple aneurysms in 
patients with Marfan syndrome and Ehlers-Danlos 
syndrome, respectively. 2°,2~ Studies suggest hat a 
progressive loss of elastin throughout the aorta may 
initially cause aneurysmal disease in the infrarenal 
abdominal orta, because the elastin/collagen ratio is 
lowest here; the proximal segments become affected 
later, as the process continues, perhaps resulting in a 
SPAA.18,22, 23 
Previous tudies have not shown any association 
between factors such as age, sex, or history of 
smoking and the development of SPAAs. 2,3 Like 
AAAs, proximal aortic aneurysms after PIAAA are 
much more frequent in men (Table III). In the series 
of 860 infrarenal AAAs reported previously by 
Crawford et al.,ls 86% of the patients were men. The 
fact that the gender distribution in our series was 
similar (84% men) suggests that, after PIAAA, both 
sexes are equally susceptible to the development of
new aortic aneurysms. 
Plate et al. 3 reported that, compared with patients 
with normal blood pressure, patients with hyperten- 
sion had a threefold risk for development of subse- 
quent aneurysms after PIAAA. In their series, nearly 
20% of patients with hypertension a d PIAAA had 
development of an additional aneurysm. Our series 
supports this association between hypertension and 
subsequent aortic aneurysmal disease. Seventy-two 
percent of our patients with SPAAs had hyperten- 
sion, compared to only 41% in the 1087 patients who 
underwent infrarenal AAA repair in the series re- 
ported by Hollier et al.14 Although adequate long- 
term control of blood pressure after AAA repair in 
patients with hypertension is advisable for many 
reasons, whether or not it reduces the risk of 
subsequent aneurysm formation is unknown and 
needs to be addressed in a prospective clinical study. 
In our series, the new aneurysm was most 
commonly located adjacent to the existing prosthetic 
graft. Most of these were TAAAs (83.2%); 16.8% 
were juxtarenal AAAs. Plate et al. 3 have suggested 
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two situations that could result in the development of 
adjacent juxtarenal AAAs. During AAA replacement 
operations, often only the aneurysmal portion is 
resected, leaving asegment of aorta between the renal 
arteries and the prosthetic graft, which, although 
normal in diameter, may be diseased. Second, a 
"daughter aneurysm," which is a small separate 
segment of localized aortic dilation between the 
obvious AAA and the renal arteries, may actually 
appear near normal in size compared to the large 
adjacent aneurysm and, thus, might be left behind 
during surgery. Either way, any remaining diseased 
aorta prone to progressive dilation may eventually 
become ffanldy aneurysmal. 3 The elapsed time be- 
tween the two operations in our series was 8.7 years 
for the group with continuous disease and 5.2 years 
for those with discontinuous aortic involvement, 
opposite the results one would expect if continuous 
disease was indeed ue to residual aneurysmal disease 
after an incomplete initial resection. Still, on the basis 
of the significant potential for subsequent juxtarenal 
AAA formation, we concur with Plate et al.3 in 
recommending that during initial AAA replacement, 
the proximal aspect of the aortic graft be anasto- 
mosed to the native aorta immediately distal to the 
renal arteries, with resection of the entire inffarenal 
aorta, when there is even modest dilation of the aorta 
between the renal arteries and the aneurysm. 
The overall elapsed time between operations in 
our series (8.2 years) was similar to those reported in 
previous tudies (Table III).24,25 Subsequent abdomi- 
nal aneurysms were discovered in four patients after 
an average interval of only 6.8 years in the study by 
Edwards et al.2 The shorter interval in their report can 
be attributed to the fact that they screened for new 
aneurysms with annual ultrasonography and there- 
fore diagnosed them earlier. Likewise, with annual 
chest radiographs after AAA resection, Gloviczki et 
al.26 discovered new thoracic aneurysms after an 
average interval of 6.3 years. With more than half of 
subsequent aneurysms presenting 6 or more years 
after the original operation, a strong argument can be 
made for long-term, careful follow-up after infrarenal 
AAA repair, especially in patients who may be at an 
increased risk for development of additional aneu- 
rysms, such as those with hypertension. 
Subsequent proximal aneurysms usually 
involve- and can be limited to - the  thoracic aorta. 
In the series by Plate et al.,athoracic and TAAAs, 
respectively, accounted for 61.3% and 16.1% of 
subsequent true aneurysms, a In our series, fewer 
SPAAs were restricted to the chest (n = 8; 6.5%), 
but 59.3% (n = 73) of SPAAs did involve the 
thoracic aorta (Type IV TAAAs were not considered 
to involve the thoracic aorta). History and physical 
examination are generally unreliable in the detection 
of early aortic aneurysms, especially those that 
involve the thoracic segments. In light of the high 
prevalence of thoracic aortic involvement in SPAAs, 
abdominal ultrasonography alone would clearly be an 
inadequate screening method. The detection of 
SPAAs requires imaging studies that can evaluate the 
entire aorta, namely CT, MR_I, or possibly combined 
abdominal ultrasonography with transesophageal 
echocardiography. 
Although most patients in our series were admit- 
ted with thoracic or abdominal pain (58.5%), only 
4.9% had ruptured aneurysms. Other studies have 
reported higher ates of rupture, despite having more 
symptom free patients (Table III). If not recognized 
and treated expediently, the mortality rate of rup- 
tured SPA_As is extremely high. In the series by Plate 
et al.,a out of 35 patients with SPAAs (including four 
anastomotic pseudoaneurysms), 24 (68.6%) had 
ruptured aneurysms; all of these 24 patients died. In 
a patient with PIAAA who is admitted with acute 
abdominal pain, symptomatic aortic aneurysm ight 
be erroneously excluded from the initial differential 
diagnosis, much like the diagnosis of acute appendi- 
citis is excluded in patients who have had a prior 
appendectomy. The significant prevalence of SPAAs 
and the high mortality rate associated with their 
rupture mandate that physicians maintain a high 
index of suspicion when evaluating patients with 
PIAAA, especially those with pain invoMng the 
chest, back, or abdomen. All symptomatic aortic 
aneurysms require emergency surgical intervention. 
Although only six patients in our series were admit- 
ted with rupture, the results uggest that, if diagnosed 
early enough and operated on immediately, ruptured 
SPAAs can be repaired with a survival rate similar to 
that for elective SPAA replacement. 
The natural history of SPAAs, including the 
incidence of significant expansion and rupture, is not 
known. All four of the true SPAAs discovered via 
serial ultrasonography by Edwards et al. 2 were 
asymptomatic and less than 5 cm in diameter. Two of 
these patients died of myocardial infarction; the other 
two were being monitored with biannual ultrasound 
examination. Most SPAAs involve either the thoracic 
or thoracoabdominal aorta, and although the specific 
clinical course of SPAAs is unclear, the natural 
histories of descending thoracic and TAAAs in 
general have been well described. The 5-year mor- 
tality rate for an unresected thoracic or TAAA is 
greater than 80%, with at least half of the deaths 
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resulting from aneurysmal ruptures Assuming a 
similar outcome for SPAAs, elective resection and 
graft replacement is clearly indicated once these 
aneurysms reach significant diameter. 
We currently recommend elective replacement of 
all suprarenal ortic aneurysms that reach 5.5 cm in 
diameter, unless the operative risk is prohibitive. The 
selection of 5.5 cm as the cutoff is admittedly 
arbitrary. A subcommittee of the Joint Council of the 
Society for Vascular Surgery and the North American 
Chapter of the International Society for Cardiovas- 
cular Surgery has recommended surgical repair of 
AAAs that are greater than or equal to twice the 
diameter of the normal infrarenal aorta. 28 Pearce et 
al) 8 have reported that the normal diameter of the 
descending thoracic aorta in a medium-sized 65-year- 
old man is 2.8 cm (measured by CT), suggesting that 
5.5 cm is an appropriate cutoff value at this level, if 
the above criteria for AAAs is applied to more 
proximal aortic aneurysms. Normal aortic diameters 
at the levels of the celiac axis and left renal vein for a 
similar patient were 2.3 cm and 2.1 cm, respectively; 
thus a lower threshold may be more appropriate at 
these levels. Furthermore, the same study also 
demonstrated significant increases in aortic diameter 
at all levels with increasing age, increasing body 
surface area, and male sex. The normal descending 
thoracic aortic diameter, for example, ranged from 
2.0 cm in a small 55-year-old woman to 3.7 cm in a 
large 85-year-old man, yielding respective operative 
thresholds of 4.0 cm and 7.4 cm. Therefore a more 
individualized etermination of the specific aortic 
diameter that constitutes an indication for surgery 
may be warranted. 
Both elective and emergency replacement of 
SPAAs can be performed with acceptable mortality 
and morbidity rates. Our results compare very 
favorably with those reported in prior studies ad- 
dressing SPAAs after PIAAA (Table III). In our 
series, all deaths but one occurred in patients who had 
undergone TAAA repair. The in-hospital survival 
rate for the patients who had subsequent TAAA 
surgery was similar to the rate previously reported fbr 
TAAA replacement in 1509 patients at our institu- 
tion (85.7% vs 89.7%, p > 0.05). 17 Because of 
refinements in anesthetic care, operative techniques, 
and postoperative management, he overall in- 
hospital survival rate for SPAA repair in our series has 
improved from 85.7% before 1991 to 91.3% cur- 
rently. 
Along with respiratory failure, neurologic deficits 
and acute kidney failure continue to be the major 
complications after high-risk aortic surgery. 1°'12~29'a° 
The increased rate of paraplegia occurring with 
longer aortic clamp times and more extensive TAAAs 
(highest with type II TAAAs) in this series is 
consistent with the literature. 6,17 In contrast, there 
was an unexpected lack of relationship between 
clamp times and the development of ORF, although 
clamp times did correlate with postoperative NORF. 
A possible explanation is that some of our clamp 
times may have been long enough to cause moderate 
renal ischemia nd thus NORF, but in all but one case 
they were not long enough to cause the severe degree 
of renal ischemia that results in ORF. Instead of 
being attributable to intraoperative r nal ischemia, 
ORF primarily occurred either in cases with prior 
renal dysfunction or in situations with perioperative 
renal hypoperfusion, such as ruptured aneurysms, 
postoperative h morrhage, or sepsis/multiple organ 
failure syndrome. 1°a7 After TAAA repair, the inci- 
dences of ORE (12.2%) and paraplegia (5.1%) in 
this series were not significantly different from those 
reported previously (9.9% and 8.5%, respectively).17 
In conclusion, current data suggest that SPAAs 
may occur in more than 8% of patients after PIAAA 
and usually involve the thoracic or thoracoabdominal 
aorta. Sufficient resection of the infrarenal aorta 
during the initial operation and subsequent control 
of chronic hypertension may help prevent the devel- 
opment of SPAAs. Early diagnosis is the key to the 
prevention of life-threatening rupture and can be 
achieved via routine screening and maintaining a
high index of suspicion for their development. 
Because clinical examination and abdominal ultra- 
sonography are unreliable in the detection of aneu- 
rysms located above the renal arteries, we recom- 
mend biannual CT or MRI scanning of the chest and 
abdomen i  all patients after AAA resection. Careful 
follow-up must be continued long-term, because 
ma W SPAAs develop several years after the original 
operation. For this reason, Curl et al. 24 have sug- 
gested that the frequency of surveillance imaging be 
increased as the interval from the initial operation 
increases. Like all aortic aneurysms, SPAAs fre- 
quently rupture and cause death. Therefore SPAAs 
that are either symptomatic orof significant diameter 
demand aggressive surgical treatment. Fortunately, 
these dangerous proximal aneurysms can be success- 
fully resected by experienced surgical teams with 
acceptable vels of morbidity and mortality. 
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